Introduction
In the course of a systematic investigation of com pounds with short intram olecular hydrogen bonds, acid salts o f pyromellitic acid (benzene-1,2,4,5-tetracarboxylic acid) drew special interest. W hereas X-ray structural studies of 13 neutral salts of this acid have been perform ed [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , only three structures o f acid salts, C o(C 10H 4O 8)-6 H 2O, U O 2(C 10H4O8)-2 H 2O, and Li2(C 10H 4O8)-4 H 2O, are known [14] [15] [16] . The Co salt forms an intram o lecular hydrogen bond (O -O = 2.381 Ä). Some other acid salts o f pyromellitic acid are suspected by IR spectroscopy to have such hydrogen bonds [17] , but they could not be prepared as single crys tals suitable for X-ray structure analysis. In order to get a deeper insight into the form ation of the different types o f hydrogen bonds (intra-and in termolecular ones) and the relation between struc tural and spectroscopic properties, four new acid pyromellitates (with Li, Ni, tetrabutylam m onium , and N H 4 as cations) have been synthesized and analyzed by single crystal X-ray methods and IR spectroscopy.
Experimental

Synthesis:
(1) Dilithium dihydrogen benzene-1,2,4,5-tetracarboxylate pentahydrate, Li2[C6H 2(COO) 4H 4H 3] , was synthesized by adding a stoichiometric am ount o f aqueous TBA hydroxide to a weighed am ount of pyromellitic acid. The solution was concentrated by evapora tion and allowed to cool for two days in a polystyr ene foam container.
(4) Diammonium dihydrogen benzene-1,2,4,5-tetracarboxylate, [NH4]2 [C6H 2(COO) 4H 2] , was synthesized by dissolving pyromellitic acid in warm 28% ammonium hydroxide. The solution was allowed to cool for two days in a polystyrene foam container. 
X-ray studies:
Intensity data were collected using a SiemensStoe four-circle diffractometer A E D 2 with graph ite monochrom atized M oK a radiation at room tem perature (295 K) by 6 /2 6 scans. Crystals of 1 decomposed in the X-ray beam. Therefore, two specimens were necessary to collect a complete data set. Scaling was done in the data reduction process by means of the standard reflections. U nit cell pa rameters were refined from 2 0 -3 0 diffractometrically centered high angle reflections. Details are listed in Table I . For 1, systematic absences [(0^0), k = 2n\ lead to possible space groups P2, or P 2,/ m. Com pound 2 was assumed to be isostructural with the Co salt [14] due to the similarity of the unit cells. Space group P2/m was adopted there fore. The space groups of 3 and 4 were determined as P2,/c.
The structure of 1 was solved by direct methods in space group P2j using program SHELXS-86 [18] . Since two molecules were clearly related by symmetry, space group P 2 ]/m was chosen. The structure o f 2 was refined using the atomic param eters of the Co-salt [14] as initial values. Structures of 3 and 4 were solved by direct methods.
All structures were refined using the program SHELX-76 [19] , H atom positions were deter mined from difference Fourier syntheses and re fined with individual isotropic displacement pa rameters. Anisotropic displacement param eters were assigned to non-H atoms. Weights were as sumed to be proportional to 1 /cr(F0)2. F or 2 ,3 , and 4, extinction was corrected according to F' = F (l-g F 2/sin$) (SHELX-76) [19] . A bsorption cor rection was applied only for 3, since the crystal was platy (0.22 x 0.08 x 0.46 m m 3). The other specimens were approxim ately isometric with mean diam e ters of about 0.3 mm. The crystal structure data are listed in Table I . The atomic param eters of the non-hydrogen atom s and those hydrogen atoms which are im portant for the hydrogen bonds are listed in Tables II, IV , VI, and VIII*.
IR studies:
All IR spectra were recorded with a Nicolet DX- 
Results
Description o f the structures: Selected distances and angles with their stand ard deviations were com puted with O R F F E [20] and are listed in Tables III, V A tom In com pound 1, the pyromellitate ion is in spe cial position (symmetry I = Q). Two neighbour ing carboxylic groups are connected by a very short intram olecular hydrogen bond (distance 0 2 -"OS 2.384(6)Ä) which is clearly asymmetric (distances 0 2 -H 1 1.01 (8) Com pound 2 is isostructural with the Co salt whose structure is described in [14] . All bond lengths and angles are very similar to those o f the Co compound. The pyromellitate ion has symme try 2/m (C2h) such that the twofold axis crosses the benzene ring at C 1 (Fig. 3) and the m irror plane m intersects the two hydrogen bonds 0 4 • • • 0 4 ' per pendicularly. H 4 is assumed to lie on the m irror plane (its y coordinate is fixed to 0.5). From dif fraction data alone, however, it is usually impossi ble to determine whether a hydrogen atom lies pre cisely on a symmetry element (T, 2, or m) or w heth er it lies in a disordered m anner around that symmetry element in one hollow o f a double mini mum potential. This difficulty was discussed by several authors [23] (KKM -effect) and it was shown by Hadzi [24] that spectroscopic investiga tions can help resolve this problem. We shall re turn to this point in the discussion. If, in the refine ment, the position o f the hydrogen atom was as sumed to be split around the m irror plane, the /?-value did not alter significantly. Fig. 4 shows that the crystal has a "sandwich like" structure with alternating layers of hexaaquanickel complexes and layers o f hydrogen py romellitate ions.
In compound 3, the pyromellitate anion (with three acid H atoms) has no symmetry and exhibits 
IR spectra:
IR spectra of 1 -4 are shown in Fig. 9 to 12, the respective frequencies are listed in Tables X to XIII. For discussion, the whole range shall be div ided into subranges (a: 4000-2800 (water-vOH, with the fact that this com pound contains neither crystal water nor a large cation.
The form ation of the extremely short hydrogen bond and the resulting repulsion of the carboxylic groups leads to a considerable deform ation o f the molecule. Attention shall be focussed to the angles inside and around the benzene rings which usually have values o f about 120°. The angles built by the carboxylic groups with the benzene ring show val ues of 129°. Furtherm ore, the hexagon of the ben zene ring is considerably deformed: The internal angles at the C atoms, where the carboxylic groups are attached, are lowered to values below 118° and the angles at the C atoms between them are larger than 124°. The distances between the ring C atoms bearing the carboxylic groups even are significant ly increased (to approximately 1.41 Ä).
The various types of short hydrogen bonds, i.e. intermolecular ones with single minimum (type " B" according to Speakman [31] ), those with dou ble minimum around a space group symmetry ele ment (type "A " according to Speakman [31] ), or extremely short intram olecular hydrogen bonds, express themselves in characteristic features of the infrared spectrum, primarily in the C -O stretch ing bands (i) and in the O -H stretching frequen cies (ii).
(i) C -O bands. Intermolecular hydrogen bonds (as those in 3 and 4) have longer O -O distances (than the intram olecular ones as those in 1, 2, and 3). In that case, the H atom is attributed definitely to one of the two carboxylic groups, thus building a COOH group. The IR spectrum o f a COOH group shows strong bands due to the practically double-bonded C = 0 bond (1732 cmT1 in 3, and 1705 cm -1 in 4; Tables XII and XIII) and strong bonds due to the weaker, practically single-bonded C -O ( -H ) bond (1260 cm "1 in 3, and 1235 cm -1 in 4). In the extremely short intram olecular bonds (in 1 and 2), however, the H atom is shared between the two carboxylic groups, and the more or less pronounced single and double bond character of the C -O bonds is partially lost. That means that these two bands shift towards each other and are found in the range between 1300 and 1700 cm -1, where, additionally, a strong mixing occurs. This was dem onstrated, for instance, in normal coordi nate analyses of potassium hydrogen maleate [32] [33] [34] which contains such an intramolecular hydro gen bond. Inspection of Tables X and XI shows, indeed, that in 1 and 2 no strong bands around 1700 and 1250 c m '1 are present.
(ii) O -H bands. The strength of the OH bond decreases drastically if an acceptor approaches. For intermolecular hydrogen bonds with O -O distances of about 2.5 Ä, there appear three char acteristic, rather broad bands in the range b which were termed "A ", "B" and "C" by Hadzi [24] . These bands are clearly visible in Fig. 11 and -less pronounced -in Fig. 12 , whereas, in Figures 9 and 10, range b is totally free of any bands. The oc currence of these bands in this region can be re garded as an indication of whether an intermole cular or an intramolecular hydrogen bond is formed [25] .
For extremely short hydrogen bonds (O -O less than 2.45 Ä) a quite different spectroscopic behav iour occurs for the case that the H atom is in a double minimum potential (type "A " according to Speakman [31] ). In this case, an extremely broad and strong absorption band is observed culm inat ing between approximately 700 and 1100 cm -1 [24] . The broadness is assumed to be caused by the pronounced anharm onicity of the double mini mum potential [35] . The occurrence o f this band is regarded as an indication of the double minimum potential, i.e. for the split position [24] .
As mentioned in the foregoing section, in com pound 2 the question arises whether the H atom lies on the m irror plane or whether it is split. Fig. 10 does not show a broad absorption band around 900 cm -1. Therefore, the spectroscopic data indicate that the H atom lies on the m irror plane and the hydrogen bond is truly symmetric.
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